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A lattice or rodlet inclusion is occasionally observed in the nucleus of a Merkel cell. The 
lattice has the external form of a plaque or band and internally consists of alternating parallel 
wide and narrow layers. Filaments in wide layers run in at least two directions across the 
short dimension of the inclusion. In contrast. the rodlet is a bundle of parallel filaments 
running the long dimension of the inclusion. Filaments in lattices and rodlets possibly 
contract and agitate the highly folded nucleus of the Merkel cell. 
In the previous century, Merkel [1] described 
specialized innen•at ed cells in the epidermis of 
man and other mammals and called them Tastzel-
len. He concluded that the Tastzellen transduce 
physical stimuli into sensory impulses. Tastzellen, 
now called Merkel cells. were rediscovered on 
numerous occasions and for a number of years were 
considered artifacts. 
The Merkel cell is dendritic in form and is often 
confused with the melanocyte, Langerhans celL or 
clear cell [2]. Currently. there is considerable 
interest expressed in the dermatologic literature in 
delineating the structure and function of Merkel 
cells [3-7]. Merkel cells synthesize and store large 
quantities of vesicles with dark cores [8]. The 
vesicles apparently contain a neurotransmitter 
chemical that modifies electrical activity at sy-
napse-like junctions [9]. The junctions connect 
Merkel cells with nerve endings at the base of the 
epidermis. Usually, each cluster of Merkel cells is 
positionally associated with several structures: a 
glomus body of innervated dilati\·e blood vessels. a 
large sensory hair, and a distinct group of me-
chanoreceptors [10. 11]. 
Fortman and Winkelmann [12] recently de-
scribed a nuclear inclusion composed of cross-
linked or beaded filaments in Merkel cells in 
human oral epithelium. In the present study of 
Merkel cells in the rabbit, we describe two addi-
tional nuclear inclusions and call them lattices and 
rodlets. These inclusions contain non-beaded fila-
ments and conform in structure to inclusions 
previously described in neurons in the central 
nervous system [13]. 
MATERIALS A:'\D METHODS 
Nuclear inclusions were studied in Merkel cells in 
integument containing hair follicles in telogen in the 
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mid-lateral dorsal area of the trunk in 16, !-year-old. 
female. partially inbred, black Dutch rabbits. The ani-
mals were anesthetized by intraperitoneal injection of 
pentobarbital sodium and mephenesin in normal saline. 
Clusters of Merkel cells were located in the epidermis 
with electro physiologic methods [II]. Sixteen to 30 
clusters were identified in each rabbit. Each cluster with 
a small amount of surrounding tissue was excised under 
magnification with microdissecting instruments. The 
tissue samples were fixed in a 2.5S paraformaldehyde-
glutaraldehyde mixture in 0.2 M cacodylate buffer at pH 
7.4 (14 j. Tissues were post fixed in 1.:),3<;( osmium tetrox-
ide in 0.2 M s-collidine buffer at pH r .4 (15] and then 
stained in 2.0"'' uranyl acetate in 0.1 M maleate buffer at 
pH 5.2. Stained tissues were dehydrated in ethyl alcohol 
and were infiltrated and embedded in an Epon-Araldite 
mixture. polymerized at 60°C. Embedded tissues were 
cut with glass kni,·es using a Porter-Blum MT-2 ultrami-
crotome. Thick sections at about I I' were stained with 
methylene blue and were observed with a light micro-
scope. Once the Merkel cells were located. thin sections 
were cut at about 600 A. These sections were placed on 
collodion-coated grids and were stained with a saturated 
solution of uranyl acetate and then with lead citrate [16 ]. 
Sections on grids were examined with an RCA<l electron 
microscope operated at 50 kv. 
:--iuclear inclusions were identified in 69 micrographs. 
and 5 inclusions were studied in serial sections. Each 
determination of size and spacing of layers and filaments 
in inclusions was an average of 10 measurements. 
RESULTS 
The Merkel cell has a highly folded and con-
voluted nucleus (Figs. l, 2). Sometimes a fold 
passes all the way across the nucleus; thus, oppo-
site areas of the inner surface of the nuclear 
envelope are in contact at certain points. Bundles 
of filaments are positioned in the cytoplasm within 
the folds and are aligned along the outer surface of 
the nucleus between folds. 
Nuclear inclusions. either in the form of lattices 
(Figs. 1. :3-5) or rodlets (Figs. 2, 6-Sl, occur in some 
Merkel cells. Both types of inclusion lack limiting 
membranes and are surrounded by halos of more 
lightly stained nucleoplasm (Fig. 4). Contact be-
tween the inclusions and other parts of the nucleus 
was not observed. Lattices and rodlet.s were not 
seen together in the same nucleus. 
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FIG. 1. Lattice inclusion in the nucleus of a Merkel cell. The section cuts across parallel layers in the lattice. Ends of 
filaments in the layers show up as aligned dots. ~otice the fold in the nucleus. Several dark-cored vesicles I lower left I are 
in the cytoplasm beneath the nucleus ( ,. 58.000). 
Multilayered Lattice Inclusions 
The outside dimensions oflattice inclusions were 
variable and could not be measured or defined 
precisely; however, some of these inclusions 
seemed tD be plaque-shaped or band-shaped (Fig. 
.3). 
Twelve distinct layers of aligned dots extend 
about 9000 A across the section of the lattice in 
Figure 4. Six wide layers, with a periodicity of 260 
A and 6 narrow lavers (arrows!, also with a p~riodicity of 260 A-, are in parallel alternate 
positions. A total of 12 layers is observed com-
monly in sections of lattices in sympathetic neu-
rons [17 ]. 
Each wide laver in the lattice in Figure 4 shows 
up as an align~ent of 65 A-diameter dots. The dots 
have a periodicity of 130 A and are 65 A apart (Fig. 
5). 
When wide lavers of the lattice are cut perpen-
dicular to the pl~ne of the section in Figure 4, they 
are found to contain parallel lines, not dots. This 
observation indicates that the dots in Figure 4 are 
cut ends of 65 A-wide filaments (Fig. 3). 
The 65 A filaments run parallel within each layer 
in the lattice but run in different directions among 
layers (Fig. 3). When 2 wide layers are superim-
posed in a single section. the two alignments of 
filaments cross at approximately 50°. All 65 A 
filaments extend diagonally across the short di-
mens ion of the lattice {Fig. 3). Crossing filaments 
in lattices will be analyzed in a subsequent publi-
cation. 
The 65 A dots are in disarray at the lett edge of 
the lattice in Figures 4 and .5. Dots (filaments) 
appear to separate from the lattice along this edge. 
Here, they are not sandwiched between adjacent 
narrow layers. Disarrangement is not as evident in 
the narrow layer at the right edge of the lattice in 
Figure 4. Perhaps components in the narrow layer 
are held together by some form of bonding. 
The 6 narrow lavers in the lattice in Figure 4 
contain coalescent. 45 A-diameter dots. The dots 
have a periodicity of about 80 A (Fig. 5). Thus. if 
the dots are separate. they are no more than 35 A 
apart. Filaments (Fig. 3) that correspond to 45 A 
dots have not been detected. 
Each of the 6 narrow lavers in the lattice in 
Figure 4 could be regarded as a single beaded 
filament running lengthwise through the section, 
but this interpretation is untenable. Six beaded 
filaments cannot be oriented so perfectly that they 
would run parallel the full extent of an inclusion 
and coincident lv remain within an ultrathin sec-
tion, as in Fig~e 4. Moreover a continuity of the 
narrow layers has been observed throughout sev-
era! lattices. Thus, the primary divisions of the 
lattice are wide and narrow layers, not filaments. 
Rodlet Inclusions 
Rodlet-shaped nuclear inclusions in Merkel cells 
(Figs. Z, 6-Sl contain 65 A-wide tilaments oriented 
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FIG. 2. Rodlet inclusion in the nucleus of a Merkel cell. The section cuts across filaments in the rodlet. and the ends 
of some filaments show up as distinct dots. Notice the fold in the nucleus. Three dark-cored vesicles are in the 
cytoplasm beneath the nucleus ( 42,000). 
in one direction. The filaments run the long 
dimension of the rod let. and certain rodlets extend 
nearly the full diameter of the nucleus. The sec-
tions of rodlets in Figures 7 and 8 are, respectively, 
3000 A and 5500 A wide. Parallel filaments in the 
rodlet are bundled closely side by side (Figs. 6, 8). 
The approximate periodicity is about 130 A. When 
the filaments are cut transversely (Figs. 6, 7), they 
show up as dots in a discontinuous hexagonal 
array. This pattern naturally results when fila-
ments are bundled together. 
A small core of 200 A vesicles or microtubules 
was observed in the center of one rodlet. Tubular 
elements have been described in nuclear inclusions 
in neurons by other authors [17, 18]. 
The arrangements of dots and lines in Figures 7 
and 8 cannot be construed as artifactual grazing 
cuts of lattices. The regular distribution of 65 A 
dots in the rodlet in Figure 7 indicates a filament 
periodicity in only one phase, 130 A. On the other 
hand, the layers of 65 A dots in the lattice in Figure 
4 indicate a filament periodicity in two phases, 1:~0 
and 260 A. This double phase was evident in all 
cuts across layers of plastic rods in models of 
lattices. which were constructed and studied (Fig. 
3). In addition, the extensive assemblv of 65 A 
filaments in the rodlet in Figure 8 was 'not simu-
lated by any angle of longitudinal cut along the 
layers of plastic rods in lattice models. Filaments 
run parallel with the long dimension of the rod let 
(Fig. 81, whereas filaments extend diagonally 
across the short dimension of the lattice (Fig. :11. 
DISCUSSION 
Merkel cells in the epidermis share many struc-
tural characteristics with neurons in the central 
nervous system. Both Merkel cells and neurons 
contain lattice and rodlet nuclear inclusions. and 
both produce and store dark-cored vesicles. In the 
epidermis, synapse-like junctions [19] join Merkel 
cells to nerve endings; in the central nervous 
system, synapses join contiguous neurons. Desmo-
somes and tonofibrils connect Merkel cells to 
keratinocytes, and similar contacts join neurons to 
somatic cells in the central nervous system and 
sympathetic ganglia [20]. Merkel cells possibly 
develop from the neural crest, as do similar types 
of innervated. vesicle-laden cells in the adrenal 
medulla (chromaffin cells), paraganf(lia, and sym-
pathetic ganglia. 
Lattice inclusions in neurons f13] contain alter-
te layers of large and small filaments with 
;pectively close and wide spacing. In certain 
tices, some of the layers are composed of fila-
mts, whereas other layers are composed of mi-
_.,,tubules [17]. Rodlet inclusions have been de-
tected with the light microscope in neurons in 
numerous species of vertebrates including man 
(21-22]. Cajal [23 J used silver to stain the rodlets; 
Siegesmund, Dutta, and Fox [24] later investi-
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FtG. 3. Diagrammatic three-dimensional interpreta-
tion of a lattice inclusion, showing one surface that is cut 
transversely. The cut ends of filaments (dots) correspond 
to the 65 A- and 45 A-diameter dots in Figure 4. Layers in 
the drawing are widely separated to emphasize the 
orientation of filaments. Wide layers A and C contain 
crossing sets of65 A-wide filaments. Narrow layers Band 
D are interpreted tentatively as sets of contiguous 45 
A-wide filaments. Comparable models of this lattice were 
constructed of layers of plastic rods and were sectioned 
for study in transverse. longitudinal, and oblique planes. 
gated the same rodlets with the electron micro-
scope. They found that each rodlet is a bundle of 
closely spaced, parallel filaments. Individual fila-
ments are 50 to 70 A wide. Cvtochemical studies 
[25] indicate that the rodlets a-re basically protein, 
with small amounts of bound lipids and no RNA or 
DNA. 
The significance of nuclear inclusions in Merkel 
cells and in neurons is unknown. Nuclear inclu-
sions are encountered in various normal cells 
[24, 26-29], but their frequency increases in certain 
pathologic conditions. Nuclear inclusions are par-
ticularly common in neoplastic neural cells and are 
present in malignant gliomas [30] and meningi-
omas in man [31 ]. Nuclear inclusions in neurons 
occur in subacute sclerosing leukoencephalitis in 
man [32]. The association of nuclear inclusions 
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with tumors and other disease processes made it 
tempting for previous authors to associate these 
highly ordered structures with viruses or "viral 
footprints" [18, 33]. 
There is evidence that rodlet nuclear inclusions 
in neurons are contractile. Time-lapse cinemicrog-
raphy of sympathetic neurons in tissue culture 
reveals transient changes in rodlet form and posi-
tion. "Such films disclose. for example, a flexural, 
somewhat undulatory movement of the rodlet, 
particularly in portions of it near the nuclear 
membrane ... " [34 ]. Perhaps the lattice and rodlet 
inclusions in Merkel cells also contract. Contrac-
tions of inclusions would agitate the nuclear con-
tents and would increase the movement of nucleo-
plasm along the porous inner surface of the highly 
folded nuclear envelope. Such contractions would 
explain the zone of reduced chromatin seen around 
many of the inclusions. Movements of inclusions 
would centrifugally displace small particulate 
components in the nucleoplasm. Thus, tbe size of 
the zone may reflect the activity of the inclusion 
prior to cell fixation. 
Fortman and Winkelmann [12] describe a 
FIG. 4. Lattice inclusion in the nucleus of a Merkel 
cell. The section cuts across 6 wide and 6 narrow layers, 
which are in alternate positions in the lattice. All layers 
remain parallel and are visible the full extent of the 
inclusion. Large dots in the 6 wide layers represent the 
cut ends of 65 A-wide filaments. The dots are clearly 
visible and separate. The 6 narrow layers (arrows) 
contain 45 A-diameter dots, possibly also representing. 
filaments. These small, coalescent dots are not easily 
resolved. RC, zone of reduced chromatin ( >: 88.000). 
182 STRAILE ET AL 
FIG. 5. Serial section of the lattice in Figure 4, shown 
at higher magnification. The arrows pointing right mark 
the cut ends of three 65 A-wide filaments that have 
separated slightly from the inclusion. These dots are 
distinct. and there is no indication that they merge with 
each other. Nine arrows pointing left indicate a periodic-
ity within two of the narrow layers. These 45 A-diameter 








FiG. 6. Diagrammatic three-dimensional interpreta-
tion of a rodlet indusion. showing one surface that is cut 
transversely. The cut surface of the rodlet is represented 
by the broken line. The cut ends of filaments (dots) in the 
sample bundle in scheme A correspond to the array of 65 
A-diameter dots in Figure 7. The cross-linked or beaded 
filaments in scheme B are similar to those in the rodlet 
inclusion described by Fortman and Winkelmann [12]. 
unique nuclear inclusion in Merkel cells. The 
inclusion has the outside dimensions of a rodlet 
and contains a bundle of 90 to 100 A. cross-linked 
or headed filaments (see our Fig. 6). The intercon-
necting links are composed of dense granular 
material. This type of rodlet has not been identi-
fied previously in Merkel cells or in neurons in the 
central nervous system. The rodlet inclusion of 
Fortman and \Vinkelmann is from human oral 
epithelium and is not comparable in structure to 
the rodlet they reproduce from Willey and Schultz 
Vol. 64, No.3 
[13] from the anterior olfactory nucleus of the cat. 
As described and illustrated, the former inclusion 
has a collagen-like appearance, and some of the 
filaments remain parallel and appear to run the 
FtG. 7. Rodlet inclusion cut transversely. The same 
rodlet is in Figure 2 at lower magnification. Cut ends of 
filaments are marked by the upper arrow. They show up 
as distinct 65 A-diameter dots in a discontinuous hexago-
nal array. Filaments marked by the lower arrou: are 
perhaps cut in an oblique-transverse plane. The middle 
arrou· marks filaments oriented between these planes I 
117.0001. 
FIG. 8. End of a rodlet inclusion cut longitudinally. 
The 65 A-wide filaments extend through the long dimen-
sion of the section and show no clear indication of bead-
ing or cross-linking. Filaments run approximately parallel 
but pass in and out of the section. Filaments appear to 
dissipate at the upper tapered cut border of the inclu-
sion. The full section of this inclusion is 10 times longer 
than the width shown here ( 151.000). 
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full extent of the inclusion. In contrast, the rodlet 
of Willey and Schultz and the rodlei we describe in 
Merkel cells contain non-beaded filaments bun-
dled tog-ether. When cut long-itudinally. such fila-
ments typically pass in and out of the section and 
dissipate at the cut edges of the inclusion. 
On the basis of results in the present study, we 
suggest that the nuclear inclusion of Fortman and 
Winkelmann is a multilayered lattice. rather than 
a rodlet of parallel filaments. According-ly, each 
apparent cross-linked filament running precisely 
lengthwise in their illustration would be a layer in 
a lattice. The cross-links, which appear as dense 
g-ranules or dots in their illustration, would be the 
cut ends of filaments within the layers (see our Fig-. 
31. The inclusion of Fortman and Winkelmann 
appears to lack alternate wide and narrow layers 
and thus differs from the lattiee we describe. 
Filaments in different layers in the inclusion per-
haps run in different directions. as in the lattice we 
describe. but tbere is no e\·idence to settle this 
point. 
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